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2. Hybrid plasma-arc welding with the coaxial placement of the arc of the fusible electrode.

Pedepar:

1. B po6oTi po3B’d3aHa aKkTyajibHa HAYKOBO-TEXHI4HA 3a/1a4a CTBOPEHHS TEXHOJIOTIYHUX TPUMOMIB i 061aHAaHHS
ribpyuIHOTO 11J1a3MOBO-IyTOBOTO 3BAPIOBAHHS BYIJIELIEBUX, JIETOBAHUX CTaJsIel, aJllOMiHIEBUX CIIJIaBiB /1S
NiABUILEHHS MeXaHIYHUX XapaKTepPUCTUK OJEeP>KyBaHUX 3'€JHaHb Ta 3MEHIIEHHs CO6iBapTOCTi 3a paxyHOK
3HIDKEHHS IOTOHHO]I €Heprii i 30epeskeHHs BMICTY JIETYIOUMX €JIEMEHTIB B IIIBaX IIJISIXOM MIO€IHAHHS
PO3PaxyHKOBOIO MiAXOAY 3 EKCIIEPUMEHTAIbHMMU JOCIIIKeHHAMU. Ha OCHOBI aHasi3y cy4acHOro cTany
ribpyIHOTO 1J1a3MOBO-IyTOBOTO 3BAPIOBAHHS IJIAaBKMM €JIEKTPOJOM ITOKA3aHO, 1110 HAasIBHICTh IJIa3MOBOI IyTu
IIPUBOAUTD O PIBHOMIPHOT'O PO3IOAiNy OyTry 3 IIJIaBKUM €JIEKTPOIOM II0 BCiil MOBEPXHI KpaIlii, sika GOpMYyeTbCsl
[IPY MACOIIEPEHOCI, 3MEHIIEHH IiJIbHOCTI CTPYMY Ha ii TOBEPXHi i 3HAYHOMY 3HMKEHHIO PiBHS IIE€PErpiBy NOBEPXHi
Kparuli Ta, sIK HaCJIiIOK, 3MEHIIEHHIO BUTOPAHHS JIETKOILJIABKHUX JIETYIOYMX €JIEMEHTIB €JIEKTPOJHOIO LPOTY.

BcTaHOBIIEHO, 1110 BIUIMB [IyTH 3 IJIaBKUM €JIEKTPOZOM Ha I17Ia3MOBY YTy 3BOPOTHOI [TOJISIPHOCTI y ITO€NHAHHI 3



Mopu@ikaliero razoguHaMiKy MIa3MOyTBOPIOIOYOTO ra3dy CTBOPIOE YMOBY LIMKJIIYHOTO [IEPEMillleHHS aHOOHO]
IIJIIMU 110 pO60YOMY TOPLIIO KiJIbLIE€BOI'O HEIJIABKOT'O eJIEKTPOAY, 110 MifiBUIILyE Pecypc HOro eKCITyaTarii.
BcraHoBI€HO, 1110 IpU IiOpUAHOMY I171a3MOBO-IIyTOBOMY 3BapioBaHHi crasei tuiy 09I'2C, AISI304 i antoMiHieBUX
crnaiB AMr6, 1561, 5083, 7075 toBmuHoW0 A0 10 MM i3 mBunkoctsamu 15-60 M /roa. norona enepris (plasma+MIG)
cTaHOBUTH (450...750)+(250...750) k)X /MM, IO 103BOJISIE€ MiHIMI3yBaTH BUTOPAHHS JIETKUX JIETYIOUUX €JIEMEHTIB i
3a6e31eYnTH MIl[HICTb 3'€fHaHb 3 aMIOMiHi€EBUX CIIaBiB Ha piBHi 85-95% Ta ix BimHOCHe BUIOBKeHHs 00 80% Bin
IIOKa3HMKIB OCHOBHOT'O METaJly y CIIOJIy4€HHI i3 3aMIMKOBUMHU fedopManisimu nprub6an3Ho Ha 40% MEHIMMU 3a
Taki g1 MIG 3BaproBaHHA i 3a7IMIIKOBYMMU HAIIPYKEHHAMU Ha piBHI Takux A1 MIG 3BaproBaHHS. 3 METOIO
MOKPAaLIeHHSI MEXaHIYHUX BJIACTUBOCTEU Ta IMiTBULIIEHHSI EKOHOMIYHOCTI Ofjep>KaHHS 3BapHUX 3'€THAHb
aJIIOMiHi€EBHUX CI1JIaBiB CTBOPEHO TE€XHOJIOTIYHI IPUIOMU TiOPHIHOTO [1J1a3MOBO-IyTOBOI'O 3BapIOBaHHS, SIKi
IO3BOJISIIOTh 3HU3UTH NIOTOHHY eHeprito Ha 40% nopiBHSHO i3 MIG npouecoM Ta MiHiMi3yBaTu €(pEKT BUTOPAHHS
TaKUX JIETYIOUMX €JIEMEHTIB, sIK Mg (<5%), Mn (<15%) Tomo. CTBOPEHO MaTeMaTUYHY MOJEJIb, SIKa 103BOJISIE
CIIPOTHO3YBATH AMHAMIKY IIJIaBJIEHHS €JIEKTPOJHOrO APOTY 3a HASBHOCTI OTOYYIOYO] IJIa3MOBOI AYTY i BU3HAYUTHU
BIUJIMB [IyTY TIJIaBKOTO €JIEKTPOJly Ha BOJIbT-aMIIEPHY XapaKTE€PUCTHUKY I171a3MOBOi Ayry. Po3po6ieHo, BUTOTOBJIEHO i
BIIPOBA’KEHO B ['yaHIyHCBKOMY iHCTUTYTI 3BaproBaHHs (M. ['yanwkoy, KHP), a Takox B 3BaploBaIbHIN aKLiOHEPHIN
kommnasii «<HUAHENG» (M. Kynbimans, nposinuis Lizsucy, KHP) kommniiekc obiagHaHHS 1151 TiOPUIHOTO 11J1a3MOBO~
IyrOBOT'O 3BapIOBAaHHS IJIABKMM €JIEKTPOLOM, 3 BAKOPMCTAaHHSM SIKOTO BUTOTOBJIEHO MAPTIiI0 €JIEMEHTIB CYLOBUX
KOHCTPYKIii1 3 amomiHieBux crasiB 15611 7075 TOBIMHOIO 5-8 MM Ta cTajlell TOBUIMHOIO 10 12 MM 3a OAMH MPOXif,

6e3 po3pOOKY KPanoK.

2. The paper addresses the current scientific and technical challenge of creating technological methods and
equipment for hybrid plasma-arc welding steels and aluminum alloys to increase the mechanical characteristics of
the obtained joints while simultaneously reducing costs by means of reducing heat input and maintaining the
content of alloying elements in the seams by combining the calculated approach with experimental studies. Based
on the analysis of the current state of hybrid Plasma-MIG welding, it is shown that the presence of plasma arc
leads to uniform distribution of the arc with a melting electrode over the entire surface of the droplet, which is
formed during mass transfer, reducing current density on its surface and significantly reducing of the temperature
of the droplet surface and, as a consequence, reducing the burnout of low-melting alloying elements of the
electrode wire. It is established that the influence of the arc with a fusible electrode on the plasma arc of positive
electrode polarity in combination with the modification of the gas dynamics of the plasma-forming gas creates
conditions for cyclic movement of the anode spot along the working end of the annular nonfusible electrode,
which increases its service life. It was established, that at hybrid plasma-arc welding of steels such as Q235,
AISI304 and aluminum alloys AMg6, 1561, 5083, 7075 thickness up to 10 mm with speeds of 15-60 m/h heat input
(plasma+MIGQ) is (450...750)+(250...750) kJ /mm, which allows to minimize the burning of light alloying elements and
ensure the strength of the compounds of aluminum alloys at the level of 85-95% and their relative elongation to
80% of the parameters of the base metal in combination with the residual deformations are up to 20- 40% less
than those for MIG welding and residual stresses at the level of such for MIG welding. In order to improve
mechanical properties while increasing the cost-effectiveness of obtaining welded joints of complex alloyed
aluminum alloys, technological techniques of hybrid plasma arc welding have been created, which allow to reduce
the heat input up to 40% in comparison with the MIG process and minimize the burning effect of such alloying
elements as Mg (<5%), Mn (<15%). A mathematical model was developed. It allows to predict the dynamics of the
melting of the electrode wire in the presence of the surrounding plasma arc and to determine the influence of the
MIG arc on the volt-ampere characteristics of the plasma arc. Developed, manufactured, and implemented in the
Guangdong Welding Institute (Guangzhou, China), as well as in the Welding Joint Stock Company "HUAHENG"
(Kunshan, Jiangsu Province, China) a set of equipment for hybrid Plasma-MIG welding. Using this set of equipment
a batch of elements of ship structures was manufactured which made of aluminum alloys 1561 and 7075 with a
thickness of 5-8 mm and steels up to 12 mm thick in one pass without the development of edges.
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